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The negative fesdback circuit, as one of the nev methode of increasaing the
uIfficlency. quality, snd aiability of ths operation of much elsctrical equipment,
has received wide disseminetion in present communications techniques.

The negative feedbeck circuit occupisd & rarticulerly steady pluce in the
T1~34 of low fraguency emplifiers, dus (o the pooeibllity of considerably de-
cre.wing the monlinear diltortiem: and, consequentiy, obtaining hig.er pover with
the csme tubes in the cutput atages.

Eov doss this decresse of nonlinear diatortions take place?

§ ™o Pezdback oizcult proviles at the input of the eguipment, ir reverse

) phoss, & certain portian of tie cutpul voltags, sompr”3sd of the useful slgnal
sl harmopica. Then, the part of the ussful algnal suppliec from tba output
in reverse to the input, dscreases the initial effective userul signal at the
jnput of th. upparatus, and the pert fed to the input comprised of hurmonics
appeers again, after saplification, at the output, but in pbase opposition, and
diminishes the initicl effective value of the hermonica.

From this it is evident thet due to the feedback cirruit, at the output of
the apparatus bosh the harmonics and the useful sigual are decreased proportion-
ally. However, ths -weful signal cen be restored to the previous level by in-
creasing the voltage of ths source of the signal at the input of the apparatus.
Then, at the output, the useful signal voltage vwill be of the required intensity,
while the harmonics will be decreased by the amount that the emplification of the
equipmant is “ecreamed through action of the feedback circuit. In this lies the
basic idea for obtaining the rdvantagsa of using the nogative feelback circuit.
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Lot ue ‘oxamiie an amplifier design with & voltage feedback circuit, snd ses
how the charge of the amplification decreasss whsn the fesdback - rcuit is com-
nected. : bt

In Figure 1 we sese that the voltage at the input of the amplifier Uy is &
geometric sum of the voltege of the signsl source Ugg, and the voltage c? the
feedback clircult, taken from the voltage divider at tfxe ontput of the smplifier,

QU, i.0.,
o ° If weeF T ]
g‘ !.Jgo'f’w

hence, the ceoefficisnt of amplification of the apparatus with the presence of the
. fesdback clrcuit 1s

/é’ "‘”k}@’

vwher@ k is the coefficisnt of amplification of the apparatue without feedback

circuit, dafined as .
é m% ’ﬂ::-BL—
Uy ) RFRZ )
The obtainsd equatinn 1s the basic one of &n amplifier with a fasdback cir-
cult, with the help of which the necessary computsiions cen be made.

Insofar as the coeffician:.gis negstive, the amplification of the apparatus
decreasess {1+ kﬁ') times. Evidently the maximum velus of 45 18 equal to unity.
The velus k& 1s called the feedback factor and shows what' portion of the re-
sulting input eignal 1s comprieed of the feedback voltage.

Ws shall ehovw, in & numerical exampls, how the harmonics in an emplifisr
diminieh when a feedback circuit is utilized.

Lot ue say that 1t is necessary to decreass *be nonliinesr distortiom (har-
monics) in the amplifier, for example. 51-fold. Ths normal output voltage of the
emplifier ies 100 v with a~ input volt.ge of one v. Ths amplitude characteristic
of the amplifier is such the% with & voltage at the input of ons v, the voliage
of the hermonics at the output amounts to 10. These date describe the amplifier
without the feedback circuvit. Nov we shall comnnect a fsedback circuit to the
amplifier, tak ;eequale 0.5. With this, the umplification of the apperatus
decreasea (14 k) timee, i.e., (140,5 x 100) equals 51 times, The amplifica-
tlon falls becauss ihe por-‘.ioa,\’? of the »utput sigral is red to the input in
phase-oppusition decreasing the vesful signul at the input.

The output cignsl now conalats ol: 100 equals 1CO v and the-ﬁpart
(14-0.5 x 100) 51

equels 0.9 x 100/51 eguals 50/51 volts, 50/51 v 1s Cimimisked by the voltage of the ’
ammative - feedback circuit amd omly 1/51 v comprisas the effeot:lve voltage of the oam-
sillation on the impai terminmule of the smplifier,

Let us eay that with an oscillation of one v we happened to be operating
right on the top bend of the amplitude characteristic. With this, the har-
monicas compriee 10 v or 10 percent In reiatlon to the output eignal of 100 v.
With an oscillation of 1/51 v, we are cperating on & rectilinear portion of the
eaamplituds characteristic and the hormonics comprise in &ll only 0.0002 v, or
one percent, instead of 10 percent with an oscillation of 10 v.

Due to the actlon of the feedback circuit, theee harmonice decrease 51-fold,
giving a total of only 0.000004% v at the output. Bui we need & normel output of

100 v which can be obtalned if the eflective voltage at the input is one v and not
1/51 v.
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What value of the source voltmgs of the input eignal 1s nesdsd in order that
the effective voltage should be one? Evadently 51 v, becaues with the feedback
N\ factor k,@equala 50, 57 v will be extingulshed by the feedback voltage and the
: effective voltage on ths input terminals of ths emplifier will be one v, The
nenlinear distortion of 10 v stipulmted for this value of oscilllation will be
decreassd S1-fold because of thy ection of the feedback circuit, and will con-
ssgqusntly be 10/51 2 0.2 v. The ocutput - oltegs will be e nomlial 100 v.

Toue, the decremse of ke wonlinser distoriion
increase of the source voltage of the input signel.

After this numericael oxampLe , we shall egain turn to the coefficisnt of the
fesdback circuit 3 snd exemine certain other of its qualltative characterietica.

In the cese of multistage empiifters, it is eamsy to obtain k)6>1. Disregard-
ing the one in the dencminator in thin vase wa recelve

| S
=2
1.e., with sufficiently atreng teedbeck the smplification dose not depend upon.
the paremeters of the ampiifier circuii and tubes, Ui dapends only upon the
attenvation of the fesdback clrouit. If@ is made independent of the fraguency,
then the emplifier will have 1deally flat frequency characteristics. Actuslly,
amplifiars with fesdbeck circuits have a flatter frequemcy charactsristic then
amplifiers vithout feedback circuits. On the other hend, 1f,)6 is made dopendsnt
upor frequency, according to the law we require, then this permite us to corrsct
ths frequency characteristic in any given direction. It must also be noted that
insofear az k;@ appsars in genersl a3 a cowplex value, then for certain frequencies
{ugunliy at the axtramitiss of ths band of operation) the amplifier can pass intc
a state of regeneration, i.e., in this case the negetive feedback circuit trans-
forms itaelf into a positive ome. This requires the adoption of suitable meus-
ures, chiefiy in multistage amplifisrs.

Feedback circuits are differsntiated dy the method used in forming the
fesdback voltage. The feadback voltege ~an ve proportional either to output
®soltege, or current in the output circuit, or dependent upon cne or the othsr.

As an 1)lustration we shall exemine the circuits of emplifiers with voltaze
and current feedback, gs skown in Figures 2a and 2b.

As 18 skown in Figure 2a, the feedback voltages is taken fram the voluage
divider (Rt Ep) which is connected in parallel with tbs primary winding of the
output transformer. Condenser "C" 'is nscsssary for lsolating the plate voliege
aupply from the grid circuit.

R
The feedback coefficient is determined by the relationship Ry le " With

the connection of the voltags divider io the primery winding of the output
traneformer, there still remains an interference on the .load, ctused by tue
pulsation of the plate voltage supply. By connecting the divider in parallel
with the secondary winding of the output transformer, the interference voltage
also decreaeen (1+k6) times. In the second case the need for the isolating
condenser "C" ceases.

An smplifier circuit with a curreut feedback circuit, skovn in Figure 2v,
ie eimpler. The feedback.voltage is taksn from the resistemce R, connected into
the cathode circuit. This voltage 1s proportional to the current floving throujh
the load and not to the wultage of the load, as in the previous case. In this
circuit there occurs & stabilization of the load current, Just es the first plan
stabilizes the losd voltage. Therefore, wherever & condition of constant load
voltage is required, voltege fsedback is applied; and whersver a condition of
constant current is needed, current feedvback is employed.
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Current feedback 1s rarely applied in emplifiers becaise it doss not improve
the frequency cheracterietic. The current fsedback circuit cean be applied in
emplifiers through reslstances, with subesquent correction for the vbstruction of
the frequency characteristics at the lower snd higher frequencies.

The current feedback circuit is used in RF and IF In the emplifier astages of
receivers and ie easily realizcd by using a blas resistor without & blocking con-
densar. The epplication of current feedback makes the selectivity curves of re-
caivars more stahla, Tn vepard to tha final stages of recaivars. which ordinarily
drive dynamic spsakers, only voltage feedbasck is appiicable since it mekes possi-
ble the maintsnance of comstant voliage on the spsekers, independent of chenges
in the impedance of the voice ¢oil, within fairly wide limits.

Thersfore, in the majority of the recelvers produced, at present the final
stages of smplifiers are etabilized by voltsge feedback.

* Bzwever, in both the mxemined ceses the decreass of the nonlinear distortion
is attained at the expense 57 a dacreese in the amplificetion of the apparatus.

The questicn arises ss to wvhethsr it ie possible to plece at the Input of
the appsretue only & component of thes harmonics, separated from the cutput volt-
ags in such e vay that the feedback circult would not decrsase the amplification
of the apparatus, .

Such designs have bwen created and are called fmedback baelenning clrcuits.
One of our well-known designers of balan~ing circuits, G. 8. Teykin, effectively
uged a feedbuck bdalancing circuit in a "power stage” unit. In series with the
feedback voltege, & cortain velus of signal voltage is applied to ths balancing
circult in order to neutralize the useful signal component in the feedback
circuit.

The remaining hermonic component, after it 1s applied to the input of thne
amplifier in phase-opposltiom, 1s amplitisd and balances out the harmeonic pres-
ent, 'In the output circuit. .

Figuie 3 shows en azample of & power amplifier with & balancing feedback
circuit.

In weries with the signal voltage taken off Transformer Ty, the fsedback
voltage forms acrose resistance R and appears ae the difference between the
voltage taken from the secondery winding of tramsformer To and the output voltege
takorn from the supplepentary winding of the output transformer.

Then &t the resistance R, only ths component of the haruwonice of the output
voitage will be formsd. Insofar aa the veltage ca the auxiliary tremnsformer Ty
fully balancas iteelf to the couzpsnent of the ussful signal of the foedback volt-
age, traneXormer T» cperates without a load.

Bulancing circuits are much more complicated than simple feedback sircnite,
and they sometimes nsed an uuxiliary amplifier to amplify the compensation voltage
"appearing es the difference between the input and the output voltege.

Teodback balancing circrits found sn application in power amplifiers oper-
ating usually in & push-pull circuit ss a Clasa B amplifier with grid currents.

The application of feedback balancing circuits has permitted the transfer of

emplifier VUO-500 out of Class A into Claas B; &8 a result, its power tripled
while preserving the sams degree of fidelity.
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The industrial efficioncy increased from 12 to 38 percent and the tubes in
thke outpvt siege were decreassd frum four to two.

his example cldarly imdicates the great poseibilities for the ues of feed-
back circuits. .

[Appendst tigures follow/
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